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TTTy .F OF THE INVENTION 

A METHOD AND A SYSTEM FOR SPEED CONTROL OF A ROTATING 
ELECTRICAL MACHINE WITH FLUX COMPOSED OF TWO QUANTITIES 

CROSS REFERENCE TQ RELATED P ATENT DOCUMENTS 

The present document is based on n n hlished international patent application 
>Jn WO 99/29034. the entire contents of wh > h heinp incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

According to a first aspect, tThe present invention relates to a system and_a 
mejhod-for ^adaptations/optimization, and/pr control of the speed of a rotating electric 
machine included in tho system, which machine is intended to be directly connected to a 
20 distribution or transmission network. 

According to a ooeond aspect of tho prosent invention, it relates to a metho d for 
^ p uod control of a rotating oloctric machine, which machine io intondod to bo directly con 
ncotod to a distribution or transmission notworlc - 

25 Discussion of the Bac kground: 

The rotating electric machine which occurs in the present invention may be, for 
ample, a synchronous machine, an asynchronous machine, a double-fed machine, an 
ynchronous converter cascade, an external pole machine or a synchronous flux machine. 
To connect machines of this kind to distribution or transmission networks, hith- 
30 erto transformers have been used for step-up transformation of the voltage to network 
level, that is, to the range of 1 30-400 kV. 

Generators with a rated voltage of up to 36 kV are described by Paul R. Siedler, 
"36 kV Generators Arise from Insulation Research", Electrical World, 15 October 1932, 
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pages 524-537. These generators 6empme-haYe.windings of high-voltage cable, wherein 
the insulation is divided into different layers with different dielectric constants. The insu- 
lating material used ee«p«e»-is commonly formed of different combinations oftfae three 
components jiamsly, mica 4 foil-mica, varnish, and paper. 
5 Now, it has f~w«4 -heen shown that by manufacturing windings of athe machine, 

u i uil i u n o d intho introduction, ofusjng an insulated electric high-voltage conductor with a 
solid insulation of a similar kind such as ussd_in cables for power transmission, the voltage 
of the machine may be increased to sueh-levels sucLthat the machine may be directly con- 
nected to any power network without intermediate transformers. A typical operating range 

10 for these machines is 30-800 kV. 

The insulated conductor or high-voltage cable which is used in the present inven- 
tion is flexible and of the kind described in more detail in PCT applications SE97/00874 
(WO 97/45919) and SE97/00875 (WO 97/45847). A further description of the insulated 
conductor or cable is to be found in PCT-applications SE97/00901 (WO 97/45918), 
15 SE97/00902 (WO 97/45930) and SE97/00903 (WO 97/4593 1). 

In the device according to the invention, the windings are preferably of a kind cor- 
responding to cables with a solid extruded insulation which are currently used for power 
distribution, for example so-called XLPE cables or cables with EPR insulation. Such a ca- 
ble haseemprises an inner conductor composed of one or more strands, an inner semicon- 
ductor layer surrounding the conductor, a solid insulating layer surrounding the semicon- 
ducting layer, and an outer semiconducting layer surrounding the insulating layer. Such ca- 
bles are flexible, which is an important property in this context since the technology for the 
device according to the invention is primarily based on a winding system where the wind- 
ing is made with wires which are drawn back and forth a plurality of turns, that is, without 
joints in the coil ends which are required when the winding in the core eojitsinseeftsisW 
stiff conductors. An XLPE cable normally has a flexibility corresponding to a radius of 
curvature of about 20 cm for a cable with a diameter of 30 mm and a radius of curvature of 
about 65 cm for a cable with a diameter of 80 cm. The expression ^flexible!! in this con- 
textapfriieatiee thus mea«s-indicates.that the winding is flexible down to a radius of cur- 
30 vature in the order of magnitude of 8-25 times the cable diameter. 

The winding should be made such that it may maintain its properties also when 
being bent and when, during operation, it is subjected to thermal stresses. It is of great im- 
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portance in this connection that the layers maintain their adhesion to one another. Of deci- 
sive importance in this connection are the material properties of the layers, above all their 
elasticitiesy and their relative coefficients of thermal expansion. For an XLPE cable, for | 
example, the insulating layer is of crosslinked low-density polyethylene and the semicon- 
5 ducting layers of polyethylene with soot and metal particles mixed thereinto. Volume 
changes as a result of temperature variations are absorbed entirely as changes in radius in 
the cable, and because of the comparatively slight difference in the coefficients of thermal 
expansion of the layers in relation to the elasticities? of these materials, the radial expan- 
sion of the cable will be able to take place without the layers loosening or delamninating 

10 from each other. 

The material combinations described above are only to be considered as examples. 
The scope of the invention of course eempfis^alsoinciuiss other combinations which 
fulfil the conditions mentioned and which fulfil the conditions of being semiconducting, 
that is, with a mass resistivity in the range 1-10 5 <Q=cm, and of being insulating, that is, 
1 5 with a mass resistivity greater than 1 0 s <Q=cm, respectively. 

The insulating layer may, for example, be formed in whole or in part of eemprise a 
solid thermoplastic material such as low-density polyethylene (LDPE), high-density poly- 
ethylene (HDPE), polypropylene (PP), polybutylene (PB), polymethyl pentene (PMP), 
crosslinked materials such as crosslinked polyethylene (XLPE) or rubber, such as ethylene- 
20 propylene rubber (EPR) or silicone rubber. 

The inner and outer semiconducting layers may have the same base materials but 
mixed with particles of conducting materials, such as soot or metal powder. 

The mechanical properties of these materials, primarily their coefficients of ther- 
mal expansion, are influenced to a rather slight extent by whether they are^ 4s mixed with 
25 soot or metal powder or not. The insulating layer and the semiconducting layers will thus 
have substantially to eel^the same coefficients of thermal expansion. 

For the semiconducting layers, also ethylene vinyl acetate copolymer/nitrile rub- 
ber, butyl-grafted polyethylene, ethylene acrylate copolymer, ethylene ethyl acrylate co- 
polymer and ethylene butyl acrylate copolymer may constitute suitable polymers. 
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_Also when different layers of materials are used as a base in the respective layers, 



it is desirable for their coefficients of thermal expansion to be of the same order of magni- 
tude. This is true of the combination of the materials listed above. 

The materials listed above have quite a good elasticity which is sufficient for any 



minor deviations in the coefficients of thermal expansion of the materials in the layers to 
be taken up in the radial direction of the elasticity such that cracks or other damage do not 
arise and such that the layers do not become detached from each other. 

The conductivity of the two semiconducting layers is sufficiently great to sub- 

10 stantially equalize the potential along the respective layer. At the same time, the conduc- 
tivity is so low that the outer semiconducting layer has sufficient resistivity to enclose or 
contain t he electric field in the cable. 

Each of the two semiconducting layers thus essentially constitutes an equipoten- 
tial surface and the winding with these layers will substantially enclose the electric field 

15 within it. 

It is, of course, not excluded that one or several further semiconducting layers may 
be arranged in the insulating layer. 

It is previously known to achieve a more efficient and flexible operation of hy- 
droelectric power stations/pump storage plants with, for example, VARSPEED generators, 
20 and that each turbine has an optimum working point, at which speed; net head and water 
flow are adapted to one another to give maximum efficiency. For large machines, the speed 
may be controlled in several ways, for example hy_pole switching, stator supply and fre- 
quency adaptation hy mnnnr f hrni ^h the use of frequency converters or by moano of a sub- 
and supersynchronous converter cascade which feeds an asynchronous machine from two 
25 directions, that is, both via a stator and a rotor. The rotating three-phase rotor winding and 
the stationary frequency converter equipment for control of the rotor flux and hence the 
slip frequency for speed optimization take place via slip rings. 

Use of slip rings in speed optimization entails a number of disadvantages such as 
wear, fouling and hence increased maintenance costs. 
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gTTTVTMARY OF T WF INVENTION 

The object of the present invention is to solve the above-mentioned problems. 
This is achieved with a system for adaptation/optimization of the speed of a rotating elec- 
tric machine included in the system a ocuid ii^ to claim r 1 n nri 0, and with a method for 
speed control of a rotating electric machine as described herein au Audii ifl to claim - 1 * n nd 
19. The machine included in the system according to a first embodiment of the present in- 
vention eemprises-has.at least two electric windings, each of which eemp^kibnnsd 
from at least one electric conductor, a first semiconducting layer arranged surrounding the 
conductor, an insulating layer arranged surrounding the first semiconducting layer, and a 
second semiconducting layer arranged surrounding the insulating layer. In addition, the 

system nmr"— w mechanisms which generate the resultant stator and air gap 

flux of the machine during** operation, where thewhieh flux is composed of at least two 

vectorial quantities. 

One advantage of the system according to the present invention is that no slip 
rings occur, which, inter alia, entails simplified maintenance and no losses as a result of 
brush voltage drop. In addition, a rapid demagnetization in case of fault may be obtained. 

An advantageous embodiment of the system is obtained in accordance with the 
invention in that the potential of the first semiconducting layer is essentially equal to the 

potential of the conductor. 

In connection therewith, it is an advantage if the second semiconducting layer is 
arranged to form essentially an equipotential surface, surrounding the conductor. 

An additional advantage in this connection is obtained if the second semicon- 
ducting layer is connected to a predetermined potential. 

In connection therewith, it is an advantage if the predetermined potential is ground 

potential. 

A further advantage in connection therewith is obtained if at least two adjacent 
layers of the windings of the machine have essentially equal coefficients of thermal expan- 
sion. 

In connection therewith, it is an advantage if the conductor eeH«wises-lias_a num- 
ber of strands, of which at least some are in electric contact with one another. 

A further advantage in connection therewith is obtained if each one of the three 
layers mentioned is secured to adjacent layers along essentially the whole contact surface. 



According to a second embodiment of the system according to the invention, the 
machine included in the system «mp***iBStote&J* least two electric winding, each of 
which bei«g-is_formed from a high-voltage cable eeffiprisifig-lmYiiig.one or more current- 
carrying conductors, each conductor exhibiting a number of strands, a first semiconducting 
layer arranged around each conductor, an insulating layer of solid insulating material ar- 
ranged around the first semiconducting layer, and a second semiconducting layer arranged 
around the insulating layer. In addition, the system oompriooo moans has a mechanism 
which generates the resultant stator and air gap flux of the machine in operation, which 
flux is composed of at least two vectorial quantities. 

One advantage of the system according to the second embodiment of the present 
invention is that no slip rings occur, which, inter alia, entails simplified maintenance and 
no losses as a result of brush voltage drop. In addition, a rapid demagnetization in case of 

fault may be obtained. 

An additional advantage in connection therewith is obtained if the insulating con- 
ductor or the high-voltage cable is flexible. 

In connection therewith, it is an advantage if the layers are arranged to adhere to 
one another even if the insulating conductor or the high-voltage cable is bent. 

An additional advantage in connection therewith is that the flux-generating mem- 
ber eempris^has-an extra winding arranged on the machine and magnetization equipment 
connected to the machine, whereby one flux vector is generated via the extra winding and 
the magnetization equipment and one flux vector is generated via the ordinary winding of 
the machine. 

In connection therewith, it is an advantage if the magnetization equipment eeftsisfe 

containse f a first frequency converter. 

An additional advantage in this connection is obtained if the system furthermore 
eempBses-has.an auxiliary feeder connected to the first frequency converter and the ma- 
chine. 

In connection therewith, it is an advantage if the machine eemp^isfonned 
from an asynchronous rotor, and if the auxiliary feeder eemprises-has.a stator winding and 
a permanent-magnet rotor connected to the asynchronous rotor. 

An additional advantage in connection therewith is obtained if the system fur- 
thermore eefflprises-has-a transformer connected to the first frequency converter and the 



auxiliary feeder, whgmihewMefe transformer is connected to a distribution busbar via a 
first circuit breaker, and a second frequency converter connected to the transformer, where 
th^whieh second frequency converter is connected to the distribution busbar via a second 

circuit breaker. 

In connection therewith, it is an advantage if the windings are flexible and if the 
mentioned layers make contact with one another. 

An additional advantage in this connection is if the mentioned layers are of mate- 
rials with such elasticity and such a relation between the coefficients of thermal expan- | 
sion of the materials that the volume changes of the layers, caused by temperature vana- 
, tions during operation, are capable of being absorbed by the elasticity of the materials such 
that the layers .^Mmmmam contact with one another at the temperature variations | 

which occur during operation. 

In connection therewith, it is an advantage if the materials in the layers mentioned 

have a high elasticity. 

5 An additional advantage in connection therewith is obtained if each semiconduct- 

ing layer constitutes essentially an equipotential surface. 

The method according to a first embodiment of the present invention for speed 
control of a rotating electric machine is applicable to a machine which is intended to be di- 
rectly connected to a distribution or transmission network. The machine eemprises-lS 
,0 fbrmedtoilLat least two electric windings, each of which eemprises-has.at least one elec- 
tric conductor, a first semiconducting layer arranged surrounding the conductor, an insu- 
lating layer arranged surrounding the first semiconducting layer, and a second semi- 
conducting layer arranged surrounding the insulating layer. The methodinch^-emp^ 
the step of generating at least two vectorial quantities which constitute the resultant stator 
25 and air gap flux of the machine during operation. 

The method according to a second embodiment of the present invention for speed 
control of a rotating electric machine is applicable to a machine which is intended to be di- 
rectly connected to a distribution or transmission network. The machine haseemprises at 
least two electric windings, which are each formed from a high-voltage cable hayingee^ 
30 prising one or more current-carrying conductors, whereby each conductor exhibits a num- 
ber of strands, a first semiconducting layer arranged around each conductor, an insulating 
layer of solid insulating material arranged around the first semiconducting layer, and asec- 
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ond semiconducting layer arranged around the insulating layer. The method 

.he step of generating a. leas, two vectorial quantities which constitute the resultant 
stator and air gap flux of the machine during operation. 

An advantage of the method according to the two embodiments of the present in- 
vention is mat no slip rings occur, which, inter alia, entails simplified maintenance and no 
.osses as a result of brush voltage drop. In addition, a rapid demagnetization in case of fault 
may be obtained. 

In connection therewith, an advantage is obtained if the method includ^eempmes 
the following additional step: 

. controlling at least one of the vectorial fluxes with respect to phase position as well as 
amplitude and speed of rotation relative to the flux generated and rotated by the con- 

necting network. 

A further advantage in connection therewith is obtained if the method e**f***s 

includes the following steps: 

. generating a flux vector via an extra winding, mounted on the stator of the machine, and 

magnetization equipment connected to the machine, and 
. generating a flux vector via the ordinary winding of the machine. 

According to a first aspect of the invention, the rotating electric machine^em- 
^^M,^^^^^ asynchronous rotor, whereby the flux control 
is used for speed-control of the machine in generator operating mode. 

According to a second aspect of the invention, the rotating electric machine eem- 
^^^^^ asynchronous rotor, whereby the flux control i, 

used for speed-control of the machine in motor operating mode. 

According to a third aspect of the present invention, the flux control is used to 
suppress the harmonic content of the stator voltage in the ordinary stator winding of the 



25 

machine. 
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According to a fourth aspect of the present invention, the reactive magnetization 
current of the machine is injected via the extra winding, which makes possible control of 
the voltage of the machine on the ordinary winding of the machine both for a non-mains- 
connected and a mains-connected machine. 
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In connection therewith, it is an advantage if the rotating electric machine fur- 
thermore e eH^^include 5 _a permanent-magnet rotor, connected to the asynchronous 
rotor, for generating magnetization current and other auxiliary power. 

According to a further aspect of the present invention, the flux control is used for 
interruption-free change from generator operating mode to motor operating mode and vice 



versa. 
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In connection therewith, it is an advantage if the resultant flux in the machine is: 
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O == + 0 2 (Kompl o tt o ra m u d volrtorntr onl f ') 

where d>, is the rotating flux on the stator side of the machine and <D 2 is the flux generated 
by the rotor current, whereby 

Oj = 0 lmagn + ^istator (K o mpl o tt o ra nmd voktorotro c k ') | 

where O lstator is the rotating flux generated by the current in the ordinary winding, whereby 
the speed of rotation on O lsutor is dependent on the frequency of the network and the num- 
ber of pole pairs in the machine, and <D lmagn is the rotating flux generated by the current in 
the extra winding, which flux is controllable with respect to phase position as well as am- 
plitude and frequency relative to the flux vector of the ordinary winding. 

An additional advantage in connection therewith is obtained if the vectorially cre- 
ated flux in the machine is controlled with the aid of the relative phase position as well as 
the relative amplitude value between the active and reactive current values of the ordinary 
winding (54) and the extra winding (56). 

P pt F 17 pffSrRTPTIO N ™ T F F nBAWTNGS 

The invention will now be explained in greater detail by the following description 
of preferred embodiments of the invention with reference to the accompanying drawings. 
Figure 1 is a cross-section view of a high-voltage cable; 

Figure 2 is a diagram which shows a system according to the present invention for adapta- 
tion/optimization of the speed of a rotating electric machine included in the sys- 
tem; 

Figures 3a and 3b are schematic figures which more clearly show the solution on principle 

for the system shown in Figure 2; 
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Figures 4a and 4b are schematic figures which for the purpose of clarification show, re- 
spectively, the rotating fluxes and the electromotive force (EMF) induced m the 
rotor part in the system shown in Figure 2; 

Figures 5a, 5b and 5c are three diagrams which illustrate the principle of control/change of 
the speed of rotation for the resultant flux in the machine in the system shown m 
Figure 2; and 

Figure 6 is a flow diagram of the method according to the present invention for speed con- 
trol of a rotating electric machine. 

TTFT *iTI F" ™«n»PTION ™ ™ PWFFF.RFFD EMBODIMENTS 

Figure 1 shows a cross-section view of a high-voltage cable 1 0 which is tradition- 
. ally used for transmission of electric power. The high-voltage cable 10 shown may, for ex- 
ample, be a standard XLPE cable 1 45 kV but without a sheath of screen. The high-voltage 
cable 10 eefflf^hajLan electric conductor, which may eemprise-ha^one or more 
strands 12 of circular cross section of, for example, copper (Cu). These strands 12 are ar- 
ranged in the centre of the high-voltage cable 10. Around the strands 12 there is a first 
semiconducting layer 14. Around the first semiconducting layer 14 there is an insulating 
layer 16, for example XLPE insulation. Around the insulating layer 16 there is a second 
semiconducting layer 18. In the high-voltage cable 10 shown, the three layers 14, 16, 18 
are designed so as to adhere to one another also when the cable 10 is bent. The shown cable 
10 is flexible and this property is retained in the cable 10 during its service life. 

Figure 2 shows a diagram of a system according to the present invention for ad- 
aptation/optimization of the speed of a rotating electric machine included in the system. 
The system 20 eempmes-ineM^a rotating electric machine 22, which is directly con- 
nected to a distribution or transmission network 24. The rotating electric machine 24 eem- 
priees-h^at least two windings, wherein each winding in a first embodiment of the present 
invention containseemgrises at least one conductor, a first semiconducting layer arranged 
surrounding the conductor, an insulating layer arranged surrounding the first seimcon- 
ducting layer, and a second semiconducting layer arranged surrounding the insulating 
0 layer. According to a second embodiment of the system 20 according to the present inven- 
tion the windings are each formed from the high-voltage cable 1 0 shown in Figure 1 . The 
system 20 ee* i >rise ST 4^^ a member 26 which generates the resul- 
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tant stator and air gap flux of the machine in operation, which flux is composed of at least 
two vectorial quantities. In addition, the system 20 ee^p^CQlltain^magnetization | 
equipment 28, connected to the rotating electric machine 22, which in the shown example 
is in the form of a first frequency converter 28. Connected to the rotating electric machine 
22 is an auxiliary feeder 30. In addition, the system 20 eempmes-Ms.a transformer 32 for | 
voltage adaptation, connected to the first frequency converter 28 and the auxiliary feeder 
30. The transformer 32, in its turn, is connected to a distribution busbar 36 via a first circuit 
breaker 34. In addition, the system 20 eemprises-Ms.a second frequency converter 38 for | 
auxiliary power generation, which second frequency converter 38 is connected, on the one 
hand, to the transformer 32 and, on the other hand, to the distribution busbar 36 via a sec- 

ond circuit breaker 40. 

Figures 3a and 3b schematically show the solution on principle for the system 20 
shown in Figure 2. Figure 3a shows the rotor 50 and the stator 52, respectively, of the ro- 
tating electric machine 22. The stator 52 is provided in traditional manner with a three- 
phase winding 54, also called ordinary winding 54 or main winding 54. In addition, the 
stator 52 is provided with an extra winding 56. When the rotating electric machine 22 is in 
operation, a rotating flux <D„ among other things, is generated on the stator side, which flux 
O, rotates in the direction of the dotted arrow. Figure 3b shows a part of the system 20 
shown in Figure 2 which is of importance to the present invention. Again, the main wind- 
ing 54 (three-phase) and the extra winding 56 (three-phase) of the stator are shown, the ex- 
tra winding 56 being connected to the first frequency converter 28. In addition, the stator 
winding 58 (three-phase) of the auxiliary feeder 30 (cf. Fig. 2) is shown, which is also con- 
nected to the first frequency converter 28. The rotating electric machine 22 (cf. Fig. 2) 
uuumUfl, in addition, iMitionrtly include? an asynchronous rotor 60 for the main wind- 
ing 54 and the extra winding 56 of the stator. In addition, Figure 3b shows a permanent- 
magnet rotor 62 included in the auxiliary feeder 30 (cf. Fig. 2). The permanent-magnet ro- 
tor 62 is connected to the asynchronous rotor 60 so that these rotate together. The system 
20 may be used for adaptation/optimization of the speed of a rotating electric machine 22 
included in the system 20. This is achieved by composing the rotating flux on the stator 
0 side 52 (cf. Fig. 3) from at least two flux vectors. One flux vector is generated in traditional 
manner via the main winding 54 of the stator 52 and one flux vector is generated via the 
extra winding 56 of the stator 52 and the first frequency converter 28. By controlling the 
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flux vector, generated via the extra winding 56 and the first frequency converter 28, with 
respect to phase position as weil as amplitude and frequency relative to the flux vector gen- 
erated via the main winding 54, the angular velocity of the total flux vector may rotate both 
supersynchronously and subsynchronously related to the flux vector generated via the mam 

winding. 

Figures 4a and 4b schematically show the rotating fluxes and the EMF induced m 
the rotor part, respectively, in the system shown in Figure 2. Figure 4a again shows parts of 
the rotating electric machine 22 (cf. Fig. 2) in the form of the rotor 50 and the stator 52. As 
is also clear from Figure 3a, the stator 52 is provided with a main winding 54 and an extra 
winding 56. The rotor 50 rotates in the direction of the arrow A. The rotating total flux O, 
of the stator 52 rotates in the direction of the arrow B with the speed n,,. The total gener- 
ated flux for the machine 22 in operation is 

(J) = <J>, + (Komplottorn m ud voktoi Til T on k ') 

where <D, is the rotating flux on the stator side, and 0> 2 is the flux generated by the rotor cur- 
rent. The rotating flux «>, on the stator side may be expressed as follows 

^1 = 0 ]magn + ^istator (Konyl o ttoram u d voktorct mr V ■) 

where <XW is the rotating flux generated by the current in the main winding 54, and <D lmagn 
is rotating and controllable flux. 0 lmagn is generated via the extra winding 56 of the stator 
52 and the first frequency converter 28. Figure 4b schematically shows the rotor 50. The 
rotating air gap flux induces a winding EMF, e rotor , in the rotor winding. The rotor current, 
driven by the EMF e rotor gives rise to a torque Mv. The winding EMF e rotor may be ex- 
pressed as 

e ro tor = kl x O, x (iw- n*,) 

25 The torque may be expressed as 

Mv = k2xO,xI r0 

tor 

where kl, k2 are constants, rw is the speed of the rotor 50, which may be changed and 
adapted for optimization of, for example, the efficiency of the turbine, and n,, U the speed 
of the rotating flux O, on the stator side, whereby the speed n*. may be changed and 

30 adapted for slip optimization. 

Figures 5a, 5b and 5c show three different diagrams which illustrate the principle 
of control/change of the speed of rotation for the resultant flux <P, on the stator side in the 
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machine 22 in the system 20 shown in Figure 2. Figure 5a shows how * 
,he time .. The speed of rotation of depends on the frequency of the network (cf. Ftg. 
2) and the number of pairs in the rotating eiectric machine 22. Figure 5h shows how 
0, varies with the time t. The amplitude, frequency and phase position of 4>,_ are de- 
terged with respect ,o the desired speed of rotation of 0-,. Figure 5c shows how the re- 
sultant rotating flux *, in the stator 52 varies with the time t. 

Figure 6 shows a flow diagram of me method according to the present mventton 
for speed control of a rotating electric machine. The method according to me present m- 
vention eo^ind^a numher of steps which will he described below. The flow 
diagram star* at bio* 70. The next step, at block 72, oe^iadu^s.ar.ing -d con- 
necting the rotating e.eetric machine 22 to the network (cf. Fig. 2). Thereafter, atblock 74, 
a, least two vectorial quantities are generated, which constitute the resultant stator and an 
gap flux of the machine in operation. Provided that there are two vectorial quantities, one 

* is generated via the extra winding 56 of the stator 52 and the fust frequency con- 
vert 28. Thereafter, a. block 76, i, is inquired whether the speed of the machine is suit- 
able !f the question is answered in the affirmative, block 76 is reiterated. On the other 
hand if the answer is negative, tire method continues to block 78. In block 78, tire step of 
controlling a, leas, one of the vectorial fluxes with respect to phase position as well as am- 
, plitude and frequency (speed of rotation) relative to the flux generated and rotated by the 
connecting network is carried out. This control implies that the machine has the de- 
sired/appropriate speed. Thereafter, a. block 80, it is inquired whether the machine rs to be 
in operation. If the question is answered in the affirmative, block 76 is reiterated. On the 
other hand, if the answer is negative, the method continues to block 82. A. block 82, the 
5 operation of the machine is stopped. At block 84, the method is terminated. 

The invention is not limited to the embodiments shown but several modffications 
are feasible within the scope of the inventive concept. Thus adaptation of the slip frequency 
may take place born during motor and generator operation and by suitable dimenstonmg of 
the frequency converter equipment, all operating modes may, in princtple, be met. 

!n addition, the principle may be applied to rapid, interruption-free change from 
motor operation to generator operation in, for example, industrial applications. 
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Further, the principle may be applied to reduction/elimination of the harmonic 
content in the stator voltage of a machine. The principle may be applied to both synchro- 
nous and asynchronous machines. 

In addition, the frequency converter equipment and the extra winding of the stator 
5 may be used both when starting the machine upon start-up and when braking the machme 
upon shutdown. 

Further, the angular velocity of the flux vector generated via the extra winding is 
controllable via the stationary frequency converter equipment and hence an optimum oper- 
ating position for adaptation to a changed turbine speed caused by changed net head may 

10 always occur. 

In addition, the vectorially created flux in the machine may be controlled wrth the 
aid of the relative phase position as well as the relative amplitude position between the ac- 
tive and reactive current values of the ordinary winding and the extra winding. 

The invention is not limited to the embodiments shown, but several variants are 
feasible within the scope of the appended claims. 
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, A system (20) for adaptation/optimization of the speed of a rotating electnc ma- 

chine (22) inciuded in the system (20), which machine (22) is intended to be directly con- 
nected ,0 a distribution or transmission network (24) and comprising a, ieas, two eiectnc 
windtngs, characterized in that the winding each comprises a, ieast one eiectric conductor, 
a firs, semiconducting layer (14) arranged surrounding the conductor, an insuring layer 
(16) arranged surrounding the first semiconducting layer (14), and a second semtconduc, 
ing layer (18) arranged surrounding the insulating layer (16), and that the system (20) 
comprises «^^mm,^ which generate the resultant stater and air gap flux of 
the machine (22) during operaion, which flux is composed of at leas, two vectona, ,ua„«- 



ties. 



2 A system (20) according to claim 1, characterized in that the potentia! of the firs. 
I5 semiconducting layer (14) is essentially equal to the potential of the conductor. 

3 A system (20) according to claim 1 or 2, chan,c.erized in that the second semicon- 
ducting layer (1 8) is adapted to form essentially one eouipotential surface, surroundmg the 

conductor. 

20 4. A system (20) according to claim 3, characterized in that the second semiconduct- 
ing layer (18) is connected to a predetermined potential. 

5 . A system (20) according to claim 4, characterized in that said predetermined p.- 

25 tential is ground potential. 

6 A system (20) according to any of the preceding daims, characterized in that at 
,eas, two adjacent layers of the windings of the machine have essentia!* identical coeffi- 
cients of thermal expansion. 
3„ 7 A system (20) according to any of the preceding claims, characterized in that the 

conductor comprises a number of strands (12), a. leas, some of which are in electric contact 
with one another. 
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8 A system (20) according to any of the preceding claims, characterized in tha, each 
of said three layers is secured to adjacent layers along essentially the whole contact surface. 



- 9 A sys,em(20)foradap^on/op«Mzanonofftespeedofaro K .ingelec«cma- 

' chine (22) included in the system (20), which machine is intended to be directly connoted 
to a distribution or transmission network (24) and comprising a, leas, two electric wind- 
ings characterized in tha, the windings arc each formed from a high-voltage cable (10) 
comprising one or more current-carrying conductors, whereby each conductor exhtbtts a 

„ number of strands (12). a firs, sem.conducting layer (14) arranged around each conductor, 
an insulating layer (16) of solid insulating materia, arranged around said 
ducting layer (14), and a second semiconducting layer (18) arranged around the tnsula ting 
tayer (16), and that the system (20) comprises means (26) which generate the resultant sta- 
tor and air gap flux of the machine (22) in operation, which flux is composed of a, leas, 

15 two vectorial quantities. 

10 . A system (20) according to any of the preceding claims, characterized in that the 
insulating conductor or high-voltage cable (10) is flexible. 

20 „ A system (20) according to claim 10, characterized in that the layers are arranged 
t0 adhere to one another also when the insulated conductor or high-voltage cable (10) . 

bent. 

,2 A system (20) according to any of the preceding claims, characterized in that the 
25 flux-generating member (26) comprises an extra winding (56), arranged on tire stator (52) 
of the machine (22), and magnetization equipment (28) connected to the machme (22), 
whereby one flux vector is generated via the extra winding (56) and tire magnetization 
equipment (28) and one flux vector is generated via the ordinary winding (54) of the ma- 
chine (22). 

30 

, 3. A system (20) according to claim 12, characterized in that the magnetization 
equipment (28) is in the form of a flrst frequency converter (28). 
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,4 A system (20) according to claim 1 3, characterized in that the system (20), in ad- 
dition, comprises an anxiiiary feeder (30) connected to the firs, frequency converter (28) 

and the machine (22). 

15 A system (20) according to claim 14, characterized in that the machine (22) com- 
prises an asynchronous rotor (60) and that the auxihary feeder (30) comprises a stater 
winding (58) and a permanent-magnet rotor (62) connect to the asynchronous rotor (60). 

10 ,6 A system (20) according to any of claim 14 or 15, characterized in that the system 
(20) in addition, comprises a transformer (32) connected to the first frequency converter 
( 28 )'and the auxiliary feeder (30), said transformer being connected to a distribution busbar 
,36) via a firs, circuit breaker (34), and a second frequency converter (38) which is con- 
nected to the transformer (32) and which is connected to the distribution busbar (36) va a 

1 5 second circuit breaker (40). 

,7. A system (20) according to claim 1 , characterized in tha, the windings are flexible 
and in that said layers make contact with one another. 
» !8 Asystem(20)according.oclaimn,charac.erizedinti.a,saidlayersareofa 

materia, with such elasticity and such a relation between the coefficients of thermal expan- 
sion of the materials that the volume changes of the layers, caused by temperature vana- 
tions during operation, are capable of being absorbed by the elasticity of the materials such 
tha, the layers retain their contact with one another at the temperature variations whtch oc- 
25 cur during operation. 

j • . 1o - i o rWacterized in that the materials in said 
19. A system (20) according to claim 18, characterized m 

layers have a high elasticity. 

30 20. A system (20) according to claim 18, characterized in that each semiconducting 
layer constitutes essentially an equipotential surface. 
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21 Am e ttl odfo r spee d oo„,ro 1 ofa ro «a li n g elec«omach to e(22),w U ch„ 1 ac^= 
(22) is intended to be directly connected to a distribution or transmission netwo* (24) and 
comprising a, ieas, W o electric windings, each winding comprising a, leas, one Cectnc 
conductor, a first semiconducting iayer (14) arranged surrounding the conductor, an msu- 
la ,in g layer (.6, arranged surrounding the firs, semiconducting layer (14), and a second 
semLducting layer (18) arranged surroundmg «he insulating layer (16), whrch metirod 
comprises the following step: . 
. generating a, .east two vectorial quantities which constitute the resultant stator and an 
gap flux of the machine (22) during operation. 

22 A method for speed control of a rotating electric machine (22), which machine 
(22) is intended to be directly connected to a distribution or transmission network (24, and 
comprising a, leas, two electric windings, each winding being formed of a high-vohage ca- 
b,e (10) comprising one or more current-carrying conductors, whereby each conductor ex- 
hibits a number of strands, a ft* semiconducting layer (14) arranged around each con- 
ductor, an insulating layer (16) of solid insuiating material ranged around satd firs, senu- 
conducting layer (14), and a second semiconducting layer (18) arranged around the tnsu- 
lating layer (16), which method comprises the following step: 

. generating a, least two vec,oria, quantities which constitute the resultant stator and an 
gap flux of the machine (22) during operation. 

23 . A method according to any of claim 21 or 22, which method is characterized by 
the following additional step: 

. controLing a, leas, one of «he vec,orial fluxes win, respec, ,o phase position as wel! as 
, amplin.de and speed of ro,a,ion relaiive ,o the flux genera,ed and rotated by the con- 

necting network (24). 

24 A method according to claim 23, characterized by the following steps: 
. generating a flux vector via an extra winding (56), mounted on the machine (22), and 
!0 magnetization equipment (28) connected to the machine (22), and 

. generating a flux vector via ,he ordinary winding (54) of the machine (22). 
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25 A method according to any of claim 23 o, 24, characterized in that the rotating 
electnc machine (22), in addition, comprises an asynchronous rotor (60), whereby the flux 
control is used for speed control of the machine (22) in generator operating mode. 

26 A method according ,0 any of data 23 or 24, characterized in tha, the rotating 
electric machine (22), in addition, comprises an asynchronous rotor (60), whereby the flu, 
control is used for speed control of the machine (22) in motor operating mode. 

27 A method according to any of data 23 or 24, characterized in that the flux control 
is used for damping the harmonic content of the stator voltage in the ordinary winding (54) 

of the machine (22). 



28 A method according to data 24, chastized in tha. the reactive magnetron 
current of the machine (22) is injected via the extra winding (56), whereby it is possrMe to 
1S control the voltage of tire machine (22, onthe ordinary winding (54) of the machme (22) 
for both a non-mains-connected and a mains-connected mactane (22). 

29 A method according to claim 25, characterized in ma, the rotating electric ma- 
chine (22), in addition, comprises a permanent-magnet rotor (62), connected to the asyn- 
» chronous rotor (60), for generating magnetization current and other auxiliary power. 

30. A method according to any of claim 23 or 24, characterized in mat the flux contro. 



is used for interruption 
mode and vice versa 



-free change from generator operating mode to motor operatmg 
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31 . A method according to any of claims 24-30, characterized in that the resuHan. flux 

in the machine (22) is 

O = <!>! + 0 2 (Komplettera med vektorstreck !) 

where *, is the rotating flux on the stator side of the machine and is the flux generated 

30 by the rotor current, whereby 

<!>! = ^imagn + ^Istator (Komplettera med vektorstreck !) 

where Cw * «»e rotating flux generated by the current in the ordinary winding 



• 
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(54) whereby the speed of rotation on <W is dependent on the frequency of the network 
m d the number of pole pairs in the tnaohine (22), and is the rotating flux generated 
by the current in the extra winding (56), which flux is control with respect to phase 
position as weU as amplitude and frequency relative to the flux vector of the ordinary 

5 winding (54). 

n A method according to claim 24, characterized in that the vectorial!, created flux 
in the machine (22) is controlled with the aid of the relative phase position as well as the 
relative amplitude value between the active and reactive current values of the ordmary 
10 winding (54) and the extra winding (56). 
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AT ^TK APT O F THF nTsrT OSITRE 



The invention relates to a system ^-for adaptation/optimization of the speed of 
a rotating electric machine 02) included in the system^, whieh-^ilU^machine « 
intended to be directly connected to a distribution or transmission network^). The ma- 
chine ^^prises-lmat least two electric windings, each of which eev^vUs^ 
fr^at least one electric conductor, a first semiconducting layer ^arranged surroundmg 
the conductor, an insulating layer ^arranged surrounding the first semiconductmg layer 
<M) and a second semiconducting layer ^arranged surrounding the insulating layer 
W In addition, the system 00) u miuLu, m um- W ^ Wrh ronfipiim l to generate 
.te resultant stator and air gap flux of the machine (^during operation, whieh-M^ 
th£_flux is composed of at least two vectorial quantities. 
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